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CONTRIBUTIONS
TO ZOOLOGY • NUMBER 153 Western Atlantic Shrimps of the Genus Solenocera with Description of a New Species (Crustacea: Decapoda: Penaeidae)
Introduction
In reviewing the genus Solenocera of the western Atlantic-part of a long-range study of benthic panaeid shrimps obtained during cruises of the Oregon-it became obvious that a collective study of the species of the genus was needed. Examination of the large collections at our disposal, which also included many samples taken by fourteen other exploratory vessels, revealed the presence of an undescribed species. Furthermore, several additional features became evident that proved to be diagnostic for the western Atlantic members of Solenocera, and it was also found that a greater range of variation than had been previously suspected exists among many characters currently utilized in distinguishing the species. The terminology employed for many structures by previous authors varies, and the literature is so scattered that there is a real need for uniform descriptions of the species found in the region. Smith (1885) gave the first general account of the external morphology of western Atlantic Solenocera. His material consisted of three females from the Gulf of Paria, Trinidad, which he identified as "Solenocera siphonocera Miers" [= S. membranacea (Risso, 1816) ], a widespread species in the eastern Atlantic and the Mediterranean; actually one of the specimens is S. atlantidis Burkenroad, and the others are S. acuminata, new species. Burkenroad (1936) based the original description of S. vioscai on females only; the male was treated by him (1939) when he also described S. atlantidis, based on both males and females, and S. necopina, of which he had only females. Characters of the male of the latter species were presented two years later by Lindner and Anderson (1941) . Holthuis (1959) described the fourth western Atlantic species, S. geijskesi, and, recently, Roberts and Pequegnat (1970) discussed a few morphological differences between S. vioscai and S. necopina.
Presented herein is a key for separation of the five species of Solenocera, which are described in detail, and for which complete distributional data are given.
ACKNOWLEDGMENTS.-In addition to the collections in the National Museum of Natural History, length-linear distance between orbital margin and midposterior margin of carapace) is measured to the nearest 0.5 mm. Ratios are given to the nearest 0.05. Ocean depths have been recorded to the nearest meter. Scales accompanying the illustrations are in millimeters. Finally, most of the terminology utilized in the descriptions has been discussed and illustrated by Perez Farfante (1969) .
Genus Solenocera Lucas, 1849 Solenocera Lucas, 1849a: 149 [nomen nudum] . Solenocera Lucas. 1849b:3OO; 1850 :219.-Kubo, 1949 [Type-species, by monotypy: Solenocera philippii Lucas, 1849, new DIAGNOSIS.-Rostrum relatively short, strongly compressed laterally, and armed only with dorsal teeth. Postorbital, antennal, and hepatic spines present; pterygostomian or branchiostegal spines present or absent. Cervical sulcus long, reaching, or almost reaching, middorsum of carapace; hepatic sulcus well marked. Abdomen carinate dorsally. Telson with median sulcus, and usually with conspicuous pair of fixed lateral spines, occasionally lacking spines. Prosartema present. Antennular flagella longer than carapace, lamellate, broad ventral pair forming trough covered by narrower dorsal flagella, four together constituting respiratory siphon. Mandibular palp two-segmented, distal segment subtriangular. First maxilla with unsegmented palp. First pereopod with spine on basis and ischium; second pereopod usually armed with spine on basis. Exopods on all maxillipeds and pereopods. Petasma with heavily sclerotized lateral lobe, bearing terminal process on distal extremity of dorsolateral lobule; endopod of second pleopod in males bearing appendices masculina and interna, and with lateral wall of basal sclerite produced distally into ventrolateral ("posterior") spur. Thelycum of "open type," not enclosing seminal receptacle. Zygocardiac ossicle with two or three principal teeth, and row of smaller teeth progressively decreasing in size posteriorly. Pleurobranchiae on somites IX to XIV; anterior and posterior arthrobranchiae on somites VII to XIII, those on VII rudimentary; podobranchia on second maxilliped; epipods on maxillipeds and four anterior pairs of pereopods (slightly modified from Kubo, 1949 DIAGNOSIS.-Rostral + epigastric teeth 8-11, usually 9. Anterior part of carapace naked; postrostral carina almost reaching posterior margin of carapace, high and notched at level of cervical sulcus. Stylocerite short, length 0.55-0.65 of distance between its proximal end and base of distolateral spine, and produced into short spine. Petasma with ventrolateral lobule distally produced into subelliptical lamella, considerably overreaching dorsomedian lobule. Thelycum with high median ridge on sternite XIII; paired protuberances on sternite XIV convergent, occasionally with distomesial margins subparallel.
DESCRIPTION.-Carapace glabrous except for elongate patch of setae covering portion of rostrum immediately dorsal to adrostral carina, and continuing posteriorly to epigastric tooth. Rostrum reaching as far as distal end of first antennular segment, horizontal or slightly tilted upward, uniform in height along short basal portion, from there tapering to apex, with dorsal margin straight, and ventral margin straight or slightly convex. Rostral 4-epigastric teeth 8-11, mode 9 (percentage distribution: 8-4, 9-65, 10-30, 11-1; N=200), teeth progressively smaller and closer from epigastric to ultimate, latter placed near apex; fourth tooth at level of orbital margin, epigastric located at about posterior 0.3 of distance from orbital margin to dorsal extremity of cervical sulcus. Adrostral carina extending obliquely from orbital margin to level of ultimate or penultimate tooth; postrostral carina high, long, extending almost to posterior margin of carapace, deeply notched at level of cervical sulcus. Orbital spine short, acute; postorbital spine long; antennal spine relatively small; hepatic spine prominent; pterygostomian spine broad at base, not conspicuously produced, often slightly inclined ventrally. Cervical sulcus deep, broad, and sinuous, anteriorly convex dorsally, and concave ventrally; cervical carina sharp; hepatic sulcus almost horizontal posteriorly, merging with depressed area below hepatic spine, from there turning anteroventrally, and ending at semicircular, pterygostomian pit; latter continuing with narrow anterior sulcus, parallel to anteroventral margin of carapace.
Antennular peduncle about 0.6 length of carapace; prosartema extending to distal margin of first segment; stylocerite ( Figure 1B ) relatively short, its length 0.55-0.65 of distance between its proximal end and base of distolateral spine, and produced into relatively short spine; antennular flagella abruptly tapering distally, each bearing terminal filament; that of dorsal about 2.5 times length of ventral ( Figure IAO, b) ; flagella ( Figure  2 ) long, dorsal slightly longer than ventral; ratio of length of dorsal flagellum (excluding filament) to length of carapace decreasing from range of 3 to 2.8 in shrimp with 12 mm c.l., to 1.7 in shrimp with 31 mm c.l.; distolateral spine short, reaching or barely surpassing distal margin of first segment.
Scaphocerite usually reaching distal end of antennular peduncle, occasionally exceeding it by as much as 0.1 of its own length; lateral rib ending distally in acute spine, falling short of distal margin ot lamella; antennal flagella long-although incomplete in all specimens observed-in one with longest, 2.5 times total length of shrimp.
Third maxilliped exceeding antennular peduncle by length of dactyl and 0.5-0.8 that of propodus; first pereopod surpassing carpocerite by as much as 0.6 length of propodus; second pereopod exceeding antennular peduncle by about length of dactyl; third pereopod overreaching antennular peduncle by length of propodus and as much as 0.5 that of carpus; fourth pereopod extending to distal end of antennular peduncle or exceeding it by as much as 0.5 length of dactyl; fifth pereopod surpassing antennular peduncle by length of dactyl and about 0.7 that of propodus. Spines on basis and ischium of first pereopod long, strongly pointed; second pereopod with long pointed spine on basis. Coxa of fourth pereopod of females produced into short plate directed posteromesially, its excavated posterior margin articulating with notch, located anterior to lateral projection of heavily sclerotized posterior part of sternite XIII; coxa of fifth pereopod bearing blunt spine on anteromesial margin in females, (sometimes barely perceptible or absent), and on anterolateral margin in males.
Abdomen with sharp and high middorsal carina from third to sixth somite; low, rounded carina on posterior half of second somite sometimes present in large specimens; posterodorsal margin of third to fifth somites with median incision; sixth somite bearing sharp spine at posterior end of carina, and pair of posteroventral small spines. Telson with median sulcus deep anteriorly, increasingly shallower posteriorly; fixed lateral spines arising about 
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0.65 length of telson from anterior margin, their length 0.45-0.65 basal width of terminal portion of telson; length of terminal portion 3-3.5 times width at base; tip reaching or almost reaching mesial raraus of uropod, lateral ramus slightly overreaching mesial. Petasma, appendix masculina, and appendix interna similar to those of Solenocera acuminata described below.
Thelycum ( Figure 3A , B) with paired protuberances on anterior part of sternite XIV setose, short to elongate, subconical or distally flattened, convergent, and inclined posteromesially; in larger females protuberances sometimes meeting, and occasionally with their distomesial margins extending parallel and contiguous; anterior part of sternite XIII with sharp, high, and setose median ridge produced into beaklike projection overhanging, and closely appressed to, posterior margin of sternite XII; posterior extremity of sternite XIII with conspicuous median emargination, and produced anterolaterally into hornlike projections.
COLOR.-"In general pale orange interspersed with many translucent areas; the pigment is particularly concentrated on rostrum and antennules, and as bands across the posterior parts of the pleonic terga. There are patches of opaque white on the outer sides of the legs and pleopods, on the uropods, and at the posterior margins of the fourth and fifth pleonic segments" (Burkenroad, 1939) .
SIZE.-Males 5-23.5 mm c.l.; females 8-31 mm c.l.
GEOGRAPHIC AND BATHYMETRIC RANGES.-Southeast of Cape Lookout, North Carolina, southward and into the Gulf of Mexico to the Dry Tortugas Islands (Figure 18 ). Apparently, it is absent along the west coast of Florida to Fort Walton, where it appears again, ranging along the northern and western waters of the Gulf of Mexico, at least to Tabasco. This species seems to be rare off the southeastern coast of the United States, the three records presented here being the first reported from the area.
Solenocera vioscai has been found at depths of about 35 to 240 m. Burkenroad (1939) reported that in the waters off Alabama and Louisiana this species was present at depths ranging from 37 to 188 m, and was most abundant between 37 to 73 m. In the northern Gulf of Mexico, Hildebrand (1954) found S. vioscai to be most common between 57 and 68 m. Along the northwestern Gulf, Brusher et al. (1972) did not catch it at depths of 14 and 27 m, the two shallower stations they investigated, but found it to be abundant at 46 and 64 m, and sparingly present at 82 and 110 m. Franks et al. (1972) REMARKS.-Solenocera xnoscai differs from S. acuminata, new species, in that the stylocerite is shorter and produced into a less prominent spine (stylocerite length = 0.55-0.65 of distance between its proximal end and the base of the distolateral spine); the distolateral, postorbital, and pterygostomian spines are relatively shorter; and the thelycal protuberances usually smaller and directed mesially along their entire length. In an occasional specimen the distomesial margins of the protuberances extend parallel and contiguous. Furthermore, the antennular flagella are considerably longer in S. vioscai than in S. acuminata. The petasmata of the two species are virtually identical. Heegaard (1966) described specimens of two mysis stages from the eastern coast of Brazil under the name Solenocera muelleri (Ortmann). He was convinced that conspecific with them are the larvae from Desterro [Florian6polis], Brazil, referred by Muller (1863:22, pi. 2: figs. 18-22) to the genus Cryptopus, and those from off the Bermuda Islands and the northern coast of Brazil, reported by Ortmann (1893:77, pi. 4: fig. 5 ). Believing his specimens belonged to the same species as those of Muller, Ortmann named it Opisthocaris muelleri. Heegaard suggested, if only as a possibility, that the above-mentioned lots of larvae might belong to Solenocera vioscai Burkenroad, a species originally thought to occur in the waters off Louisiana and Venezuela [Gulf of Paria], The range of S. vioscai as here restricted, however, is now known to be limited to eastern North America (including the Gulf of Mexico), and that of S. acuminata extends from the northern Caribbean south only as far as French Guiana. Both S. atlantidis, to which one of the three specimens from Venezuela cited by Burkenroad in the description of S. vioscai belongs, and S. necopina have ranges that most nearly approximate that of the larvae grouped under S. muelleri by Heegaard. Neither the adults of those two species nor those of any other member of the genus have been recorded from the Bermuda Islands; consequently, correlations of the larvae studied by Muller, Ortmann, and Heegaard with adult shrimp must wait further investigations on the larval development of western Atlantic Solenocera.
Although Burkenroad (1934) stated that both the holotype and the paratype were taken at "15 fathoms," on the label for the paratype is written "20 fms" in the author's handwriting, whereas on that accompanying the holotype the depth is not recorded. DIAGNOSIS.-Rostral + epigastric teeth 8-11, usually 9. Anterior part of carapace naked; postrostral carina almost reaching posterior margin of carapace, high, and notched at level of cervical sulcus. Stylocerite long, length 0.65-0.75 of distance between its proximal end and base of distolateral spine, and produced into strongly acuminate spine. Petasma with ventrolateral lobule distally produced into subelliptical lamella, considerably overreaching dorsomedian lobule. Thelycum with high median ridge on sternite XIII; paired protuberances on sternite XIV strongly curved laterally from base or only slightly divergent distally.
DESCRIPTION.-Body glabrous ( Figure 4 ) except lor elongate patch of setae covering portion of rostrum immediately dorsal to adrostral carina, and continuing posteriorly to epigastric tooth. Rostrum reaching as far as distal end of proximal fifth of second antennular segment, horizontal or slightly tilted upward, uniform in height along short basal portion, from there tapering to apex, with dorsal margin straight and ventral margin almost straight to markedly convex, sometimes with subapical concavity. Rostral -f epigastric teeth 8-11, mode 9 (percentage distribution: 8-5, 9-75, 10-15, 11-5; N = 120), teeth progressively smaller and closer from epigastric to ultimate, latter placed close to apex; fourth or fifth tooth at level of orbital margin, epigastric located rather near dorsal extremity of cervical sulcus, at about posterior 0.3 of distance from orbital margin to sulcus. Adrostral carina extending obliquely from orbital margin to level of ultimate or penultimate tooth. Postros- tral carina high, long, extending almost to posterior margin of carapace, deeply notched at level of cervical sulcus. Orbital spine short, acute; postorbital spine long, extending almost to orbital margin; antennal spine relatively small; hepatic spine prominent; pterygostomian spine broad at base, strongly produced, and pointed anteriorly. Cervical sulcus deep, broad, and sinuous, anteriorly convex dorsally, and concave ventrally; cervical carina sharp; hepatic sulcus almost horizontal posteriorly, merging with depressed area below hepatic spine, from there turning anteroventrally, ending in roughly semicircular pterygostomian pit; latter continuing with narrow anterior sulcus, parallel to anteroventral margin of carapace. Antennular peduncle about 0.6 length of carapace; prosartema extending to distal margin of first segment; stylocerite long ( Scaphocerite usually reaching to distal end of antennular peduncle, occasionally exceeding it by as much as 0.1 of its own length; lateral rib ending distally in sharply pointed spine, falling short of distal margin of lamella; antennal flagellum longalthough incomplete in all specimens observed, in one with longest 2.4 times total length of shrimp.
Third maxilliped exceeding antennular peduncle by length of dactyl and by 0.5 to entire length of propodus; first pereopod surpassing carpocerite by as much as entire length of propodus; second pereopod exceeding antennular peduncle by at least length of dactyl, and at most, by entire length of propodus; third pereopod overreaching antennular peduncle by as much as length of propodus and about 0.6 that of carpus; fourth pereopod extending to about distal end of antennular peduncle or exceeding it by 0.8 lengh of dactyl; fifth pereopod surpassing antennular peduncle by length of dactyl and 0.5-0.6 that of propodus. Spines on basis and ischium of first pereopod long, strongly pointed; second pereopod with long, acute spine on basis. Coxa of fourth pereopod of females produced posteromesially into short plate, its conspicuously excavated posterior margin articulating with lateral notch, anterior to projection of heavily sclerotized posterior part of sternite XIII; coxa of fifth pereopod bearing blunt spine on anteromesial margin in females (sometimes barely perceptible or absent), and on anterolateral margin in males.
Abdomen with sharp and high middorsal carina from third to sixth somite; low, rounded carina on posterior half of second somite present on larger specimens; posterodorsal margin of third to fifth somites with median incision; sixth somite bearing sharp spine at posterior end of carina and pair of posteroventral small spines. Telson with median sulcus deep anteriorly, increasingly shallower posteriorly; fixed lateral spines arising about 0.65 length of telson from anterior margin, their length 0.45-0.65 basal width of terminal portion of telson; length of terminal portion 2.35-3 times width at base; tip reaching, or slightly surpassing mesial raraus of uropod; lateral ramus slightly overreaching mesial.
Petasma ( Figure 5A -C) with lateral lobe and ventromedian lobule heavily sclerotized distally, and considerably surpassing dorsomedian lobule; dorsolateral and ventrolateral lobules distally separated by deep, narrow gap; distal part of ventromedian lobule spatulate, and armed with transverse, marginal spines; distal part of dorsolateral lobule bearing terminal process, campanulate in outline, and margined with spines; distal part of ventrolateral lobule distally produced into narrow, tonguelike lamella, projecting beyond transverse ridge on outer surface, and bearing short, submarginal row of teeth; ridge turning proximally on ventral margin, ending there in strong projection, and armed with row of teeth on distal edge; ventral costa emarginate anterior to midlength, clublike distally; deep, marginal notch present between costa and projection of transverse ridge; inner surface of costa with row of long, plumose setae proximal to emargination of costa.
Appendix masculina (dorsal or lateral blade) elongate, with mesial margin strongly concave, and distal part produced mesially into large lobe; distal part subtriangular in cross section, with convex distolateral surface (continuing with dorsal surface of proximal part), and slightly excavated dorsomesial and pronouncedly concave ventrolateral surfaces; border delimiting dorsolateral surface armed with closely set setae of various lengths (Figure 5v> , E). Appendix interna (ventral or mesial blade) slightly shorter and narrower than appendix masculina, and distally bearing marginal setae, longer ones forming tuft on distolateral portion of margin. Basal sclerite with subvertical lateral wall projecting distally into prominent ventrolateral ("posterior") spur.
Thelycum ( Figure 6A , B) with paired protuberances on anterior part of sternite XIV setose, elongate, roughly conical, or flattened and subtriangular, and strongly curved laterally from base or only slightly divergent distally; anterior part of sternite XIII with sharp, high, setose median ridge produced into beaklike projection overhanging, and closely appressed to, posterior margin of sternite XII; posterior extremity of sternite XIII almost straight, with shallow median emargination, and produced anterolaterally into hornlike projections.
COLOR.-The following notes are based on photographs of freshly caught, although dead, specimens taken north-northeast of Baie d'Oyapock, French Guiana, at Oregon II sta 12059: Body translucent, brilliantly colored. Upper part of rostrum, dorsum of carapace, terga of abdomen, and telson deep pinkish orange, fading ventrally over lower part of rostrum, anterior part of carapace, and abdominal pleura; hepatic region light cream; branchiostegite red, with following areas white: pterygostomian region, vertical posthepatic band, and longitudinal band merging with large posterior patch; third to fifth abdominal terga with white band along posterior margin. Antennular peduncle light red, flagella somewhat darker; antennae red basally, rapidly fading and becoming orange dis- tally; third maxillipeds white proximally and red distally; pereopods opaque white with conspicuous, broad, red bands. Basis of pleopods white proximolaterally and pinkish orange distoraesially; endopods and exopods whitish, with mesial margins pinkish orange, and tips red. Proximal podomere of uropod opaque white, with dark pinkish orange lateral area; both rami of uropods red but with distalmost area white; elongate oval, proximolateral white patch also present on lateral ramus and mesial one near midlength of mesial ramus. SIZE.-Males, 10.5-31 mm c.l.; females, 6-39.5 mm c.l.
ETYMOLOGY.-From the Latin acuminatus (pointed), referring to the strongly produced, sharp spine at distal end of the stylocerite.
GEOGRAPHIC AND BATHYMETRIC RANGES.-Bahamas and Caribbean Sea, from Jamaica to St. Christopher, and from British Honduras to northeastern Venezuela. Also off the Atlantic coast of South America, from the Gulf of Paria to French Guiana (Figure 18 ). This species has been recorded at depths between 31 m and 622 m; however, most samples were taken below 180 m. Since many collections have been made in shallow water through the range of Solenocera acuminata and only a few specimens have been caught, it seems probable that this species prefers water deeper than does S. vinscai, its northern counterpart.
The record of "Solenocera vioscae" from off the western part of the Great Bahama Bank, at Combat sta 445, reported by Bullis and Thompson (1965) , in all probability should be applied to this species, because of the locality and the depth (366 m) in which the collection was made.
SUBSTRATES.-Information on the substrates occupied by S. acuminata is extremely meager. This species was found on a mixture of dark slate, coral, and mud at Albatross sta 2121, and on coral and sponge at Oregon sta 2633.
REMARKS.-Solenocera acuminata closely resembles S. vioscai from northern waters of the Atlantic and the Gulf of Mexico, but differs in that the stylocerite is longer and produced into a more elongate, strongly pointed spine (stylocerite length = 0.65-0.75 of distance between its proximal end and base of the distolateral spine); the distolateral, postorbital, and pterygostomian spines are more prominent; and the thelycal protuberances on sternite XIV are usually larger, and their distomesial margins vary from slightly to strongly curved laterally. Too, the antennular flagella are considerably shorter in S. acuminata (Figure 2 ) than in S. vioscai; however, in an occasional specimen the antennular flagella of the former are proportionately as long as those in some specimens of S. vioscai. Curiously, the very few specimens of S. acuminata with antennules as long as in S. vioscai from the Gulf of Mexico (which have the longest ones) are not from the adjacent Caribbean area, but from a single locality off Punta Araguapiche, Venezuela. On the other hand, the few specimens examined from the Atlantic coast of the United States possess shorter antennular flagella than do those from the Gulf; these appendages are actually intermediate in length between those of the nominal species in the Gulf and those of S. acuminata.
The two species also exhibit marked color differences. Solenocera vioscai has been described by Burkenroad (1939) as pale orange, bearing bands of a darker shade along the posterior margins of all of the abdominal terga except the fourth and fifth which possess white patches; similar patches are also present on the lateral sides of the legs. Solenocera acuminata, in contrast, has a distinct overall pinkish cast; the antennular flagella are red; the branchiostegite is red with striking opaque white markings; furthermore, the pereopods exhibit alternate red and white transverse bands.
Solenocera vioscai and S. acuminata are allopatric, and whereas S. vioscai lives mostly at depths less than 200 m, S. acuminata is found mainly between 180 and 600 m.
We have examined the three females from the Gulf of Paria, Trinidad, reported by Smith (1885) as "Solenocera siphonocera" and by Burkenroad (1934) as Solenocera vioscai; the two large specimens belong to S. acuminata; the smallest one, however, is S. atlantidis, as Burkenroad (1939) suggested when he described the latter species. 18, 19 Solenocera xrioscai Burkenroad, 1936 :122 [not Solenocera vioscai Burkenroad, 1934 . Solenocera necopina Burkenroad, 1939:7, figs. 1-4 DIAGNOSIS.-Rostral + epigastric teeth 5-8, usually 6. Anterior part of carapace naked; postrostral carina low or absent posterior to cervical sulcus, if present only slightly depressed at level of sulcus; pterygostomian spine with broad base, its dorsal margin joining carapace in gentle curve. Scaphocerite long, overreaching antennular peduncle by more than 10 percent of its own length. Petasma with ventrolateral lobule distally produced into subcircular to suboval lamella, considerably surpassing dorsomedian lobule. Thelycum with high median ridge on sternite XIII; paired protuberances on sternite XIV elongate, conical, convergent along entire length, or, occasionally, with apical portions strongly curved laterally.
Solenocera necopina Burkenroad
DESCRIPTION.-Body glabrous ( Figure 7 ) except for elongate patch of thickly set setae covering portion of rostrum dorsal to adrostral carina and continuing posteriorly from orbital margin to base of first rostral tooth; short brush of long setae on dorsal border of pterygostomian pit. Rostrum reaching almost as far as distal end of first antennular segment, horizontal or uptitlted, with dorsal margin straight, ventral margin markedly convex but almost straight subapically, forming gently tapering tip, or with subapical concavity giving rise to saber-shaped one; tip long, 0.3-0.5 length of rostrum. Rostral + epigastric teeth 5-8, mode 6 (percentage distribution: 5-15, 6-63, 7-20, 8-2; N = 100), third tooth at level of orbital margin, epigastric at about posterior 0.45 of distance from orbital margin to level of dorsal extremity of cervical sulcus. Adrostral carina extending obliquely from orbital margin to about level of ultimate tooth; postrostral carina low, rounded, extending almost to posterior margin of carapace, although sometimes (mostly in young) only to level of cervical sulcus, and often depressed there. Orbital angle well marked, but orbital spine lacking; postorbital spine slender and long; antennal and hepatic spines relatively short; pterygostomian spine acute, with broad base, its dorsal margin joining carapace in gentle curve. Cervical sulcus rather broad; cervical carina sharp; hepatic sulcus almost horizontal posteriorly, merging with depressed area below hepatic spine, from there turning anteroventrally and ending at semicircular, pterygostomian pit; latter continuing with fine, anterior sulcus, parallel to anteroventral margin of carapace. Antennular peduncle about 0.6 length of carapace; prosartema extending almost to distal margin of first segment; stylocerite relatively short to long, 0.55-0.75 of distance between its proximal end and base of distolateral spine, and produced into slender spine; antennular flagella relatively short (Figure 8) , dorsal slightly longer than ventral; ratio of length of dorsal flagellum to that of carapace decreasing from range of 1.8 to 1.2 in shrimp with 9 mm c.l., to 1.1 in shrimp with 27 mm c.l.; terminal filaments long; distolateral spine slightly overreaching base of second antennular segment.
Scaphocerite very elongate, exceeding antennular peduncle by as much as 0.2 of its own length; lateral rib ending in very elongate spine, reaching, or almost reaching, distal margin of lamella; antennal flagella broken in all specimens examined. Third maxilliped exceeding antennular peduncle by at least length of dactyl and propodus and, at most, by length of dactyl, propodus, and 0.2 that of carpus; first pereopod reaching distal end of carpocerite, or surpassing it by as much as length of propodus; second pereopod surpassing antennular peduncle by tip of dactyl, but by as much as length of entire propodus; third pereopod exceeding antennular peduncle by length of propodus and 0.1-0.4 that of carpus; fourth pereopod extending to about mid-length of third antennular segment, or exceeding peduncle by length of dactyl; fifth pereopod overreaching antennular peduncle by dactyl and 0.2-0.7 length of propodus. Spines on basis and ischium of first pereopod long and strongly pointed; second pereopod with sharp, slender spine on basis . Coxa of fourth pereopod in females produced posteromesially into short subrectangular plate, its excavated posterior margin articulating with lateral concavity before hornlike projection of posterior part of sternite XIII; coxa of fifth pereopod bearing spine on anteromesial margin in females (sometimes barely perceptible or absent), and on anterolateral margin in males.
Abdomen Figure 9A , B) with lateral lobe and ventromedian lobule considerably surpassing dorsomedian lobule distally; dorsolateral and ventrolateral lobules separated by deep gap; distal part of ventromedian lobule roughly elongate trapezoidal, broadest distally, and armed with transversely arranged, marginal spinules; dorsolateral lobule bearing short, subtriangular terminal process, margined with spinules; distal part of ventrolateral lobule bearing subcircular to suboval lamella (occasionally produced distodorsally), armed with numerous spinules on distal and lateral margins; base of lamella delimited on outer surface by transverse, arcuate ridge, latter turning proximally on ventral (lateral) margin, and ending there in strong projection; ventral costa emarginate at about base of distal third, and bearing distally small, rounded, prominence; narrow notch present between prominence and projection of arcuate ridge; inner surface of costa with submarginal row of long, plumose setae proximal to emargination; row of similar setae present on both inner and outer surface of dorsolateral lobule, former longer, extending proximally onto ventrolateral lobule.
Appendix masculina (Figure 9c ) and appendix interna ( Figure 9D ) essentially identical with those described for S. acuminata.
Thelycum (Figure 10 ) with paired protuberances on anterior part of sternite XIV setose, long, subconical (sometimes flattened dorsoventrally), or roughly subreniform, their disposition varying from convergent, often with distomesial surfaces meeting, to divergent, with tips strongly curved later- ally; anterior part of sternite XIII with high, sharp, and setose median ridge produced into toothlike projection, overhanging, and closely appressed to, posterior margin of sternite XII; posterior extremity of sternite XIII with median emargination, and produced anterolaterally into hornlike projections.
COLOR.-According to Burkenroad (1936, under "Solenocera vioscai") : "An unpatterned translucent pale orange-red over-all, chiefly produced by small chromatophores. Eyes reddish-brown with greenish reflections. Gastric gland brownish-grey with light yellow-green flecks; gut red (as seen through the overlying tissues)."
The following color notes were made from living specimens caught during a 1969 cruise of Oregon II south of Great Inagua Island, Bahamas: Body translucent, with very pale salmon suffusion. Antennular peduncle and gnathal appendages dark pinkish orange. Second to fifth abdominal terga bearing transverse, opaque white arched marking parallel to posterior margin; base of telson and posterolateral projections of sixth abdominal tergum opaque white, together forming transverse band. Pereopods and pleopods pinkish orange; proximal podomere of uropod with white, median spot; lateral ramus with distalmost portion bearing roughly triangular white spot; mesial ramus with marginal, broad, white band.
SIZE.-Males, 9-17 mm c.l.; females 6-27 mm c.l. first from the Caribbean, where this species is not only present but, apparently, abundant, and the Atlantic of South America. The presence of S. necopina off the coast of Uruguay not only rep resents a southward extension of the range of the species of about 11,000 km, but demonstrates the presence of the genus considerably farther south along the western Atlantic that has been previously reported.
Solenocera necopina lives at depths of about 160 to 550 m, usually below 180 m.
SUBSTRATES.-The various bottoms on which the species has been reported have been described REMARKS.-This species may be readily distinguished from Solenocera vioscai and S. acuminata by the smaller number of rostral teeth, usually 7 or less, rarely 8; and by the postrostral carina, which terminates at the level of the cervical sulcus, or, of extending posteriorly beyond it, is only slightly depressed at level of the sulcus. Solenocera necopina can be differentiated from S. atlantidis and S. geijskesi in that the anterior part of the carapace is glossy, lacking setae; the pterygostomian spine is larger and its dorsal margin joins the caparace in a gentle curve; and the scaphocerite is much longer, overreaching the antennular peduncle by more than 10 percent of its length. Moreover, the females bear a median ridge on the anterior part of sternite XIII that is lacking in the other two species. Finally, S. necopina differs from all other members of the genus in the region by lacking an orbital spine, and in its petasma, which possesses a subcircular or ovate distal lamella that is armed with minute marginal spines.
The original description of Solenocera necopina was based on a single young female, 8.8 mm cl. Burkenroad thus was able to present only the thelycal characters and general features of an animal not fully grown. Later, Lindner and Anderson (1941) described the petasma of the species, and pointed out that in large individuals the postrostral carina reaches almost to the posterior margin of the carapace, not just to the level of the cervical sulcus as Burkenroad had stated. They further indicated that the middorsal carina extends on to the posterior three-fourths of the third abdominal somite, instead of only to the fourh somite. One important feature, however, has apparently remained unnoticed; in females, the median ridge on the anterior part of sternite XIII overlaps the posterior margin of sternite XII and does not end immediately caudal to it, as was originally stated. It also should be mentioned that the dorsolateral lobule of the petasma bears on the outer surface a row of long plumose setae, lacking in the other western Atlantic Solenocera.
In S. necopina, the range of variation in the length of the antennular flagella associated with a given carapace length is similar in animals from both North American waters and from the Bahamas to northern South America. Variations in the petasma and the thelycum, too, are within approximately the same limits throughout the range of the species, except for unique features exhibited by some members of the southwestern Caribbean population. The distal lamella of the ventrolateral lobule of the petasma varies from subcircular to suboval throughout the range of the species; however, in occasional males from the southwestern Caribbean the lamella is produced distolaterally, becoming irregular in shape. The thelycal protuberances on sternite XIV vary as well as in disposition; typically, they are directed mesially, and, if they meet, their distomesial margins are contiguous and extend parallel to each other, but again, in the southwestern Caribbean, females are found in which the protuberances are curved laterally. DIAGNOSIS.-Rostral + epigastric teeth 4-7, usually 6. Anterior part of carapace with short setae; postrostral carina ending at level of cervical sulcus; pterygostomian spine with narrow base, its dorsal margin joining carapace at about right angle. Prosartema extending, at most, to distal end of first antennular segment. Scaphocerite short, not exceeding antennular peduncle by more than 10 percent of its own length. Petasma with ventrolateral lobule lacking distal lamella, and extending only as far as, or only slightly surpassing, dorsomedian lobule. Thelycum with sternite XIII lacking anteromedian ridge, and with posterior portion, just in advance of fourth pereopods, forming convex or pointed elevation; paired protuberances on sternite XIV widely separated, low, and rounded to subconical.
Solenocera atlantidis Burkenroad
DESCRIPTION.-Carapace with short setae on anterior part, and brush of long setae on dorsal bor-10 11 12
der of pterygostomian pit ( Figure 11) ; elongate patch of thickly set setae covering portion of rostrum dorsal to adrostral carina, and continuing posteriorly from orbital margin to epigastric tooth. Rostrum reaching as far as 0.9 length of first antennal segment, horizontal, deep, its dorsal margin straight and ventral margin pronouncedly convex, usually with subapical concavity producing saber-shaped tip; latter rather short, 0.2-0.3 length of rostrum. Rostral + epigastric teeth 5-7, mode 6 (percentage distribution: 5-6, 6-80, 7-14; N=200); second rostral tooth at level of orbital margin; epigastric situated at about posterior 0.35 of distance from orbital margin to level of dorsal extremity of cervical sulcus, and separated from first rostral by interval much larger than spaces between remaining teeth. Adrostral carina extending obliquely from orbital margin to ultimate tooth; postrostral carina short, extending only to level of cervical sulcus, sometimes delimited posteriorly by shallow depression. Orbital spine minute; postorbital spine slender and long; antennal and hepatic spines relatively short; pterygostomian spine small, with narrow base, its dorsal margin joining carapace at about right angle, spine some- times doubled. Cervical sulcus rather broad, and ending at postrostral carina without crossing it; carvical carina sharp; posterior portion of hepatic sulcus almost horizontal, merging with depressed area below hepatic spine, from there turning anteroventrally and ending at semicircular pterygostomian pit; latter continuing with narrow, anterior sulcus parallel to anteroventral margin of carapace.
Antennular peduncle about 0.6 length of carapace; prosartema relatively short, extending almost to, but not reaching, distal end of first segment; stylocerite moderately long, its length 0.60-0.65 of distance between its proximal end and base of distolateral spine, and produced into short spine; antennular flagella moderately long in North American population, short in West Indian-Central American-South American population ( Figure 12) ; ratio of length to dorsal flagellum to length of carapace in former decreasing from range of 2.1 to 1.9 in shrimp with 7 mm c.l. to 1.5 in shrimp with 16 mm c.l., and in latter this ratio decreasing from range of 1.9 to 1.5 in shrimp with 7 mm c.l. to range of 1.4 to 1.1 in shrimp with 16 mm c.l.; terminal filaments short; distolateral spine short, at most leaching base of second antennular segment.
Staphocerite usually reaching distal end of antennular peduncle, occasionally surpassing it by at most, 0.1 of its own length; lateral rib ending distally in slendqr spine, overreached by lamella; antennal flagellum about 4.5 times total length of shrimp.
Third maxilliped exceeding antennular peduncle by length of dactyl and 0.2-0.5 that of propodus; first pereopod reaching to distal end of carpocerite, or surpassing it by as much as length of propodus; second pereopod exceeding antennular peduncle by at least length of dactyl, but by as much as length of propodus and 0.1 that of carpus; third pereopod surpassing antennular peduncle by length of propodus and 0.1-0.3 that of carpus; fourth pereopod exceeding carpocerite by 0.5 length of dactyl or by dactyl and 0.3 length of propodus; fifth pereopod surpassing antennular peduncle by length of dactyl and 0.3 that of propodus. Spines on basis and ischium of first pereopod long, and strongly pointed; second pereopod with slender, acute spines on basis. Coxa of fourth pereopod in females produced posteromesially into short subrectangular plate; coxa of fifth pereopod bearing
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prominent spine on anteromesial margin in females and on antereolateral margin in males.
Abdomen with middorsal carina from third through sixth somites, carina low and rounded on third, rather high and sharp from fourth posteriorly; posterodorsal margin of third to fifth somites with median incision; sixth bearing small spine at posterior end of carina, and pair of posteroventral minute spines. Telson with median sulcus deep anteriorly, increasingly shallower posteriorly; fixed lateral spines variable in length, 0.7-1.3 basal width of terminal portion of telson; terminal portion rather short, length 2.5-3.3 times width at base; tip reaching about distal 0.2 of mesial ramus of uropod; lateral ramus overreaching mesial by about 0.25 of its own length.
Petasma with ventrolateral lobule barely reaching, or only slightly surpassing, distomedian lobule; dorsolateral and ventromedian lobules extending distally much beyond dorsomedian lobule; dorsolateral and ventrolateral separated by deep gap; ventromedian lobule broadened distally, roughly trapezoidal, with distomesial portion produced into elongate, narrow process, and distolateral portion produced into rounded one, both processes bearing marginal spines, and sometimes reflexed over outer surface; dorsolateral lobule bearing mushroomlike, terminal process, reflexed over outer surface, and armed with marginal spines; deep lateral emargination present at base of process; ventrolateral lobule with distal part subtriangular, ending in strong, obliquely inclined ridge, its proximal base joining ventral (lateral) margin at about right angle; ventral costa subdistally emarginate, forming elongate notch with base of subtriangular part; submarginal row of long plumose setae present on inner surface of costa, immediately proximal to notch.
Thelycum (Figure 14 ) with paired protuberances on anterior part of sternite XIV setose, relatively low, rounded to subconical, sometimes flattened dorsoventrally, and occasionally bearing minute apical tubercle, protuberances subvertical to inclined mesially, and implanted rather far apart, immediately anterior to conspicuous transverse rib; anterior part of sternite XIII lacking median ridge; posterior part, just in advance of coxae of fourth pereopods, with convex elevation, sometimes pointed, and occasionally bearing knob; posterior extremity of same sternite rather deeply emarginate, forming paired convexities produced anterolaterally into hornlike projections. COLOR.-"On the freshly-captured specimens, the pigmentation is orange-red; the color is most concentrated as bands across the posterior parts of the pleonic tergites" (Burkenroad, 1939) .
SIZE.-Males 2.2-8.9 mm c.l.; females 3.8-18.5 mm c.l.
GEOGRAPHIC AND BATHYMETRIC RANGES.-Solenocera atlantidis is found from the latitude of Oregon Inlet, North Carolina, to southern Florida, and in the Gulf of Mexico from Dry Tortugas Islands, along the Gulf coast of the United States and Mexico to Campeche; also through the waters of the West Indies and the Caribbean coast of Central America and South America, and the Atlantic coast of South America as far as Canane"ia, Sao Paulo (Figure 18 ). The previously known southernmost record for the species was about 2° N, off Cabo Maguari, Para, originally reported by Nomura and Fausto Filho (1966) for "Solenocera ? geijskesi Holthuis"; later Fausto Filho (1968b) indicated that the specimen on which this record was based is S. atlantidis. Thus the record from Canane'ia cited above not only extends the southern limit of the known range of the species some 7500 km, but also is the only record of an adult of any member of the genus Solenocera from the east coast of Brazil.
Solenocera atlantidis is a shallow-water species; by far the majority of the specimens were collected at less than 75 m, and in the extensive collections available to us, only six were recorded in vessel logs as taken in water deeper than 125 m.
SUBSTRATES.-The various bottoms on which the present species has been taken are described as REMARKS.-Solenocera atlantidis and S. geijskesi share several rather conspicuous features: numerous setae are present on the anterior part of the carapace; the shape of the pterygostomian spine is almost identical; and the relative lengths of the pereopods are similar. Solenocera atlantidis may be distinguished from S. geijskesi by the shorter rostrum, which has fewer than 8 teeth, and the shorter prosartema; neither the rostrum nor the prosartema extend so far as the distal end of the first antennular segment. The most striking differences between the two species, however, are in the external genitalia. In S. atlantidis males, the ventrolateral lobule of the petasma reaches, or barely surpasses, the dorsomedian lobule, and is truncated distally, lacking a distal lamella; the terminal process of the dorsolateral lobule is expanded distally, mushroomlike in appearance; and finally, the mesial process of the ventromedian lobule is directed distally instead of mesially. In females, the median posterior part of sternite XIII, (that just in advance of the coxae of the fourth pereopods) is raised into a convex or pointed elevation, instead of forming a transverse ridge distinctly delimited from the anterior part of the sternite by a concavity. Too, the paired protuberances on sternite XIV are usually set far apart, immediately anterior to a prominent transverse rib which, although present in S. geijskesi, is rather inconspicuous.
We have found that the population of S. atlantidis along the Atlantic coast of North America and the Gulf of Mexico tends to have longer antennular flagella than that from the Bahamas to Brazil. Furthermore, in males of the former population the spines on the mesial process of the ventromedian lobule of the petasma are consistently minute ( Figure 13A ), whereas in males of the latter the spines are long ( Figure 13B) ; the variations of other petasmal as well as thelycal characters in the two populations overlap.
Solenocera geijskesi Holthuis FIGURES 15-18
Solenocera geijskesi Holthuis, 1959:56, figs. 4, 5 [holotype: 9 DIAGNOSIS.-Rostral -f epigastric teeth 7-8. Anterior part of carapace with short setae; postrostral carina ending at level of cervical sulcus; pterygostomian spine with narrow base, its dorsal margin joining carapace at about right angle. Prosartema long, conspicuously overreaching distal end of first antennular segment. Scaphocerite short, not exceeding antennular peduncle by more than 10 percent of its own length. Petasma with ventrolateral lobule distally produced into narrow, pointed lamella, armed with lateral spines, and considerably surpassing dorsomedian lobule. Thelycum with sternite XIII lacking anteromedian ridge, and with posterior portion, just in advance of coxae of fourth pereopods, sloping dorsally, giving rise to median-platelike structure; paired protuberances on sternite XIV rounded to subelliptical in outline, and bearing apical tubercle.
DESCRIPTION.-Carapace with short setae on anterior part, and few, relatively long setae on dorsal border of pterygostomian pit ( Figure 15) ; patch of thickly set setae covering portion of rostrum dorsal to adrostral carina and continuing posteriorly to base of first tooth. Rostrum reaching almost to, or slightly beyond, distal end of first antennular segment, horizontal, moderately deep, its dorsal margin straight and ventral margin pronouncedly convex, sometimes with subapical concavity; tip short. Rostral + epigastric teeth 7-8; second rostral tooth at level of orbital margin, epigastric situated at about posterior 0.45 of distance from orbital margin to dorsal extremity of cervical sulcus, and separated from first rostral tooth by interval much larger than spaces between remaining teeth. Adrostral carina short, extending obliquely from orbital margin to about level of ultimate tooth; postrostral carina short, extending only to level of dorsal extremity of cervical sulcus. Orbital spine small; postorbital spine long, pronouncedly acuminate; antennal and hepatic spines relatively short; pterygostomian spine small, with narrow base, its dorsal margin joining carapace at about right angle. Cervical sulcus ending at postrostral carina, without crossing it; cervical carina sharp; posterior portion of hepatic sulcus almost horizontal, merging with depressed area below hepatic spine, from there turning anteroventrally and ending at pterygostomian pit; anterior sulcus indistinct. Antennular peduncle about 0.6 length of carapace; prostartema relatively long, extending to proximal part of second segment; stylocerite moderately long, 0.6-0.7 of distance between its proximal end and base of distolateral spine, and produced into acute spine; antennular flagella subequal, moderately long, ratio of length of dorsal flagellum to length of carapace ranging from 2 in shrimp with 13.5 mm c.l. to about 1.5 in shrimp with 18 mm c.l.; terminal filament apparently short; distolateral spine slender and relatively long, conspicuously surpassing distal end of first segment.
Scaphocerite almost reaching, or barely surpassing, distal end of antennular peduncle; lateral rib ending distally in slender spine, overreached by lamella; antennal flagella broken in all specimens examined.
Third maxilliped exceeding antennular peduncle by length of dactyl or by length of dactyl and 0.2 that of propodus; first pereopod extending to about distal end of carpocerite or exceeding it by as much as length of propodus and 0.2 that of carpus; second pereopod reaching to distal end of carpocerite or surpassing it by length of propodus and 0.1 that of carpus; third pereopod overreaching antennular peduncle by at least length of dactyl and at most by length of propodus and about 0.1 that of carpus; fourth pereopod exceeding antennular peduncle by at least 0.5 length of dactyl, and by as much as length of dactyl and 0.2 to 0.3 that of propodus; fifth pereopod surpassing antennular peduncle by length of dactyl and 0.1 to 0.3 that of propodus. Appendages longer in males than in females. Spines on basis and ischium of first pereopod long and strongly pointed; second pereopod with slender, acute spine on basis. Coxa of fourth pereopod of female produced posteromesially into elongate plate; coxa of fifth pereopod bearing prominent spine on anteromesial margin in females and on anterolateral margin in males.
Abdomen with middorsal carina from about anterior 0.35 length of third through sixth somite, carina low and rounded on third, relatively high and sharp from fourth posteriorly; posterodorsal margin of third, fourth, and fifth somites with median incision, sixth bearing small spine at posterior end of carina, and pair of posteroventral, minute spines. Telson with median sulcus deep 
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anteriorly, increasingly shallower posteriorly; length of fixed lateral spines 0.6-0.8 basal width of terminal portion of telson; terminal portion rather short, length 2.8 to 3 times width at base; tip reaching about distal 0.2 of mesial ramus uropod; lateral ramus overreaching mesial by about 0.2 its own length.
Petasma ( Figures 16A, B) with ventrolateral lobule and ventromedian lobule considerably surpassing dorsomedian lobule distally; dorsolateral and ventrolateral lobules separated by narrow, deep gap; distalmost part of ventromedian lobule considerably broadened, strongly produced mesially into elongate process, and distolaterally into scalelike one, both processes reflexed over outer surface, and margined with conspicuous spines; dorsolateral lobule bearing terminal process, bell shaped in outline, reflexed over outer surface, and armed with marginal spines, deep lateral emargination present at base of process; distal part of ventrolateral lobule bearing narrow, pointed lamella, armed with lateral spines; base of lamella delimited on outer surface by transverse ridge, latter turning proximally on ventral (lateral) margin of petasma, and ending there in subelliptical projection; ventral costa produced into prominent tooth, followed by small, submarginal scale; tooth forming base of elongate notch extending to projection of transverse ridge; inner surface of costa with submarginal row of long, plumose setae, proximal to notch.
Thelycum (Figure 17 ) with paired protuberances on anterior part of sternite XIV setose, rounded, or elongate and blunt, bearing minute apical tubercle; protuberances implanted rather close to each other and directly mesially; anterior part of sternite XIII lacking median ridge; posterior part, just in advance of fourth pereopods, sloping dorsally, giving rise to posteromedian platelike structure, delimited anteriorly by strong, setose, transverse ridge; posterior extremity deeply emarginate, forming paired, strong convexities, and produced anterolaterally into hornlike projections. REMARKS.-Solenocera geijskesi is a small species like S. atlantidis, its close relative in the western Atlantic. They are the only two species in the region with setae on the anterior part of the carapace, a pterygostomian spine with its dorsal margin joining the carapace at about right angle, and a long scaphocerite, which exceeds the antennular peduncle by more than 10 percent its length. Solenocera geijskesi, however, may be readily distinguished from S. atlantidis by its somewhat longer rostrum, which may overreach the distal end of the first antennular segment and which, moreover, in about 50 percent of the animals bears 8 teeth, and by the longer prosartema, which extends as far as the basal part of the second antennular segment. Furthermore, in S. geijskesi males the ventrolateral lobule of the petasma extends considerably beyond the dorsomedian lobule, bearing a distal lamella, which is pointed and armed with prominent spines along the ventral (lateral) margin, and the mesial process of the ventromedian lobule, which is strongly produced mesially or even posteromesially. The females, in turn, possess on the anterior part of sternite XIII, anterior to the coxae of the fourth pereopods, a strong, setose transverse ridge, which gives rise to a platelike structure. Also, the protuberances on sternite XIV are relatively closely set and are implanted just anterior to a low, or almost imperceptible, transverse rib.
The tubercle at the apex of each protuberance is not a unique feature of S. geijskesi, as suggested by Holthuis in the original description; it is also often present on S. atlantidis and, occasionally, on S. necopina. Solenocera geijskesi is closer to the eastern Pacific S. florea Burkenroad, 1938 , than to any western Atlantic member of the genus, and may be considered its geminate. The differences between the two were ably presented by Holthuis (1959) when he described the former species.
Distribution and Abundance of Solenocera in
the Western Atlantic The areal distribution and temperature-depth relationships for western Atlantic Solenocera are presented in Table 1 and Figures 18 and 19 . Solenocera necopina and S. atlantidis are the most widely distributed species, having been found throughout the major geographic units of the region. Two other species also live in the Caribbean, S. acuminata, which ranges southward from the Bahamas through the Caribbean to French Guiana, and S. geijskesi, with a range extending from the Caribbean to northeastern Brazil (S. geijskesi with a depth range of 18 to 70 m, is omitted from Figure  19 as only a single temperature record is available, 
